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@ Osteosynthesis plate system. 

@ An osteosynthesis plate system is particulariy 
well adapted to securely fuse adjacent cervical 
vertebrae. The plates are adapted for mounting 
upKDn the anterior or posterior surfaces of the 
vertebrae. Plates (12) for mounting on the 
anterior vertebral surfaces have a concave bone 
contacting surface and a bone screw locking 
mechanism (15,24,42) integral with each screw 
hole. Moreover, the bone contacting surface of 
the plate has a plurality of bone penetrating 
protrusions (26) to more securely affix the plate 
to bone. Plates (100) for mounting on the post- 
erior vertebral surfaces also have bone penet- 
rating protections (108) on their bone 
contacting surfaces. Such plates are formed so 
as to have a curved bone contacting surface 
that is concave In the transverse axis of the 
plate and convex in the longitudinal axis of the 
plate. The screw holes of such plates are con- 
structed so as to guide a bone screw along a 
desired angle to improve the anchoring of the 
screws in bone. 
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Background of the Invention 

This invention relates to osteosynthesis plates, 
and more particularly to such plates useful to immo- 
bilize adjacent vertebral bodies. 

Proper healing of injured or damaged skeletal 
parts requires immobilization of the Injured skeletal 
segments to ensure the proper growth of new oss- 
eous tissue between the segments. Insufficient im- 
mobilization can compromise the healing process 
and may result in further complications or Injury. 

Osteosynthesis plates have been used to Immo- 
bilize adjacent skeletal parts such as bones. Typical- 
ly, a rigid plate is positioned to span bones or bone 
segments that must be immobilized with respect to 
one another. The plate is fastened to the bone, for ex- 
ample with bone screws, so that the plate remains in 
contact with the bone and that the bones or bone seg- 
ments are immobilized. 

Such plates have been used to immobilize a va- 
riety of bones, and have recently been adapted for 
use in fusing and immobilizing adjacent vertebral 
bodies. The morphology of spinal bone presents 
unique challenges to the design of effective osteo- 
synthesis plates for fusing vertebral bodies. Among 
the challenges involved in fusing vertebral bodies is 
the effective installation of a plate that will resist mi- 
gration despite the rotational and translational forces 
it faces. For a plate to work effectively in such an en- 
vironment, screws must be properly positioned and 
anchored within the bone. Several known plate de- 
signs use elongate, slotted openings for screw place- 
ment in the plate. While useful in providing freedom 
of positioning screws, this contributes to the potential 
for slippage between the plate and screw head along 
the longitudinal axis of the plate. Such plates have 
also been designed to conform to the shape of verte- 
bral bodies which they contact. 

Despite the existence of osteosynthesis plate 
systems adapted for use in fusing vertebral bodies, 
there remains a need for an osteosynthesis plate sys- 
tem that is able to be securely installed between ad- 
jacent bones or bone segments, particularly verte- 
bral bodies. 

It is thus an object of the invention to provide an 
osteosynthesis plate system which maximizes immo- 
bilization of adjacent bones or bone segments. An- 
other object is to provide such a system adapted for 
use in fusing adjacent vertebral bodies. Afurther ob- 
ject is to provide an osteosynthesis plate system for 
placement on the anterior surface of vertebral bodies 
to immobilize two or more adjacent vertebrae. It is 
also an object to provide an osteosynthesis plate sys- 
tem for placement on the posterior surface of verte- 
bral bodies to immobilize two or more adjacent ver- 
tebrae. Another object is to provide such plate sys- 
tems able to be more securely affixed to bone. Other 
objects will be apparent upon review of the disclosure 
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that follows. 

Summary of the Invention 

5 The present invention provides an osteosynthe- 

sis plate system that effectively immobilizes adjacent 
bones or bone segments, and which has improved 
plate rigidity and securement to bone. The plate sys- 
tem of the present Invention Is well adapted for use 

10 in fusing adjacent vertebral bodies, particularly ver- 
tebrae In the cervical spine. 

The plate system of the present invention com- 
prises a rigid, elongate plate member which is adapt- 
ed to bridge or immobilize adjacent bones or bone 
15 segments. 

In one aspect of the invention the osteosynthesis 
plate system is adapted to mount on the anterior sur- 
face of vertebral bodies to bridge and immobilize two 
or more adjacent vertebral bodies. The plate system 
20 comprises an elongate plate member having a plural- 
ity of substantially circular screw holes that extend 
through the member. Each screw hole has a substan- 
tially spherical seat that is adapted to seat bone 
screws having a spherical head to allow infinite de- 
25 grees of freedom in the angular orientation of the 
screw. The bone contacting surface of the plate pre- 
ferably Includes a number of bone penetrating projec- 
tions that are adapted to penetrate the bone as a re- 
sult of compression forces induced by fixing the plate 
30 to the bone with bone screws. Preferably, the flat re- 
gions of the plate lie flush against the bone when the 
plate is properly installed. 

The plate system also includes a locking mecha- 
nism that is integral with the plate member and adja- 
35 cent one or more of the screw holes. The locking 
mechanism functions to secure the bone screw to the 
plate member to Inhibit axial and rotational movement 
of the bone screws seated within the screw holes and 
anchored in bone. The locking mechanism may com- 
40 prise a rotatable cam mounted in the member adja- 
cent one or more of the screw holes. The cam prefer- 
ably has a ovoid shape and is rotatable so as to en- 
gage a surface of a screw head seated in a screw hole 
adjacent to the cam such that axial and rotational 
45 movement of the screw is inhibited. Alternatively, th 
locking mechanism may comprise a deflectable arm 
that forms a portion of a screw hole seat, and a cam 
mounted in the member adjacent the deflectable arm. 
The cam Is rotatable such that upon rotation it im- 
50 parts a force to the deflectable arm causing the arm 
to exert a radial force on the screw head to inhibit ro- 
tational and axial movement to the screw. 

In another embodiment the plate system of the 
invention is specially adapted to be mounted upon the 
55 posterior surface of two or more vertebral bodies, 
particularly in the cervical spine. The plate member 
has one surface which contacts the bone, and an- 
other surface which faces away from the bone. Dis- 
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posed within the plate are at least two, spaced apart 
screw holes having substantially spherical counter- 
sinks, each of which is adapted to receive a bone 
screw. Preferably, the screw holes are aligned with 
each other about the longitudinal axis of the plate 
member. In a preferred embodiment the screw holes 
are oriented at desired angles with respect to the 
longitudinal and transverse axes of the plate member 
to ensure proper positioning of the bone screw within 
the hole, and thus the properangular trajectory of the 
screw into the bone. The bone contacting surface of 
the plate member includes a plurality of projections, 
each of which is adapted to penetrate the cortical lay- 
er of bone to improve the bone/plate interface. Com- 
pression forces which result from the use of screws 
in fixing the plate to the bone will cause the projec- 
tions to penetrate the bone such that flat areas of the 
bone contacting surface are substantially flush with 
the bone. 

Brief Description of the Drawings 

Figure 1 illustrates an anterior osteosynthesis 
plate of the present invention affixed to the anterior 
surface of the cervical spine. 

Figure 2 is a view of the bone contacting surface 
of the anterior plate of Figure 1. 

Figure 3 is a view of the non-bone contacting sur- 
face of the anterior plate of Figure 1. 

Figure 4 is a longitudinal sectional view along 
lines B-B of the plate shown in Figure 3. 

Figure 4A is a detail view of a portion of the plate 
shown in Figure 4. 

Figure 5 is a transverse sectional view, along 
lines D-D of the piate shown in Figure 3. 

Figure 6A is a view of a screw locking mechanism 
useful with the anterior plate of the present invention, 
in an unlocked position. 

Figure 68 is a view of a screw locking mechanism 
useful with the anterior piate of the present invention, 
in a locked position. 

Figure 7A is a view of another embodiment of a 
screw locking mechanism useful with the plate of the 
present invention, in an unlocked position. 

Figure 7B is a view of another embodiment of a 
screw locking mechanism useful with the plate of the 
present invention, in a locked position. 

Figure 8 illustrates a pair of posterior osteosyn- 
thesis plates of the present invention affixed to the 
posterior surface of the cervical spine. 

Figure 9 illustrates the bone contacting surface 
of a posterior osteosynthesis plate of the present in- 
vention. 

Figure 1 0A is a side view of the plate of Figure 9. 

Figure 10B is a view of the non-bone contacting 
surface of the plate of Figure 10A. 

Figure 11 is a detailed view of area B of Figure 
10A. 
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Figure 12 is a sectional view along lines A-A of 
the plate illustrated in Figure 10A. 

Figure 1 3A is a side view of a posterior osteosyn- 
thesis plate of the present invention adapted for use 
5 at cervical vertebrae 2 and below. 

Figure 13B is a view of the non-bone contacting 
surface of the plate of Figure 13A. 

Figure 14 is a sectional view along lines B-B of 
the plate of Figure 13A. 
10 Figure 15 is a view of the non-bone contacting 

surface of an alternative embodiment of a posterior 
plate. 

15B is a side view of the plate illustrated in Figure 
15A. 

15 

Detailed Description of the Invention 

The osteosynthesis plates of the invention are 
useful for fixing and immobilizing adjacent bones 

20 and/or bone segments. The plates are best adapted 
for use in fusing adjacent vertebrae, particularly the 
cervical vertebrae. The plates are adapted to mount 
either on the anterior or posterior surface of the ver- 
tebrae, preferably secured to the vertebrae by bone 

25 screws. The plates are intended to immobilize the ad- 
jacent skeletal segments to promote healing. As a re- 
sult of such immobilization new osseous tissue will 
grow between the adjacent segments, resulting in 
fusing of the segments. 

30 Figure 1 illustrates an osteosynthesis plate sys- 

tem 10 adapted to be affixed to the anterior surface 
of the cervical spine. The system 10 comprises an an- 
terior osteosynthesis plate 12 having positioned 
therein a number of bone screws 14 that extend 

35 through screw holes 19, 20 in the plate to allow the 
screws 14 to compress the plate against the bone 
when anchored in bone. The bone screws 14 may be 
secured in the plate 12 by a locking mechanism 15 
that inhibits rotational or axial movement of the 

40 screw. As illustrated, a locking mechanism 1 5 pref r- 
ably is adjacent each screw hole 19, 20 to secure the 
screw 14 to plate 12. 

Figures 2 through 5 further illustrate the osteo- 
synthesis piate system 10 of the invention. As iilu- 

45 strated in Figure 2, the plate 12 has a textured bone- 
contacting surface 1 8 that features a plurality of bone 
penetrating projections 26. The bone penetrating 
projections 26 preferably comprise parallel, spaced 
rows of short protrusions having a triangular or tooth- 

50 like shape. The projections 26 are disposed in sub- 
stantially evenly spaced rows 27 along the long di- 
mension of the plate, with each row preferably ex- 
tending parallel to the transverse axis 23 of the plate. 
As illustrated in Figures 4 and 4Athe projections 

55 26 are substantially triangular or tooth-shaped ob- 
jects having acute angles of approximately 60 and 
30*^. A base 28 is formed by the surface 1 8 of the plate 
and a hypotenuse 30 slopes upwardly toward the 

3 
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thickness (or Z) axis midline 32 of plate 1 8. Preferably 
the short leg 34 is approximately 0.5mm in height. 
The projections preferably are oriented with the cut- 
ting edges 29 facing toward the thickness axis mid- 
line 32 of the plate. 

The non-bone contacting surface 36 of plate 12, 
as shown in Figure 3, includes a plurality of screw 
holes 19, 20 that extend through the piate and which 
are adapted to seat bone screws. Preferably a locking 
mechanism 15 is disposed adjacent each screw hole 
1 9, 20. The locking mechanism 1 5 may comprise a ro- 
tatable cam member 24 permanently housed in an 
aperture 22. The screw holes 19, 20, as illustrated, 
preferably are substantially circular in shape so as to 
provide fixed position holes for the placement of 
screws. The screw holes further have spherical 
seats, which correspond to a spherical head on the 
screw, to permit better seating of the screw within the 
screw hole and infinite angular degrees of freedom in 
orientation of the screw. The circular screw holes 19, 
20 are advantageous as the plates are less prone to 
longitudinal movement relative to the screws, as 
sometimes occurs with slot-like or elongate screw 
holes. 

As noted above, the plate system 10 of the inven- 
tion comprises a locking mechanism 15 that inhibits 
axial and rotational movement of bone screws 14 
once the plate is affixed to vertebral bodies. Figures 
6A and 6B illustrate one embodiment of the locking 
mechanism 15 in which a rotatable cam member 24 
is permanently housed in an aperture 22 adjacent 
screw hole 20. With the cam in the unlocked position, 
as illustrated in Figure 6A, a screw (not shown) can 
be inserted into screw hole 20 for anchoring within the 
bone. Once the screw is fully inserted, cam 24 is then 
rotated approximately 90°, as shown in Figure 6B, 
such that its surface impinges upon a screw inserted 
in screw hole 20, thus inhibiting rotational and/or axial 
movement of the screw. Such a locking system inte- 
gral with the osteosynthesis plate is advantageous in 
that it does not require a surgeon to manipulate small 
mechanical parts that must be inserted on the plate 
for locking. Rather, a permanently installed cam is 
simply rotated to a locked position to engage the 
screw. 

Figures 7Aand 7B illustrate a locking mechanism 
35 which forms another embodiment of the invention. 
The locking mechanism comprises screw hole 20 
adapted to receive a bone screw (not shown) and a 
rotatable cam 42 permanently housed in aperture 40. 
A portion 37 of the wall of screw hole 20 forms a de- 
flectable arm 44. Adjacent arm 44 is an arcuate slot 
38 that connects with aperture 40. 

As shown in Figure 7A, the locking mechanism 35 
is in the unlocked position. In this position a screw 
may be inserted into the screw hole 20 and affixed to 
bone. Once fully affixed, cam 42 is rotated approxi- 
mately 90"* to a locked position, as shown in Figure 



7B, thereby exerting a force on deflectable arm 44. 
The force exerted by cam 42 on arm 44 causes the 
arm 44 to impinge upon a screw head 46 mounted in 
screw hole 20 to inhibit axial and rotational movement 
5 of the screw. 

As noted, cam members 24, 42 preferably are 
permanently installed on the plate. This can be ac- 
complished in a variety of ways readily understood by 
one having ordinary skill in the art. For example, the 
10 cam can have a stem with a tubular rivet at one end 
enabling the cam to be staked onto the plate. 

The plate 12 preferably is constructed so as to 
conform to the shape of the anterior surfaces of the 
vertebrae that it will be mounted upon. Ideally, upon 
15 compression of the plate to the bone through the ac- 
tion of bone screws, the bone penetrating projections 
26 wilt become embedded within the cortical layer of 
bone and the bone contacting surface 18 will be sub- 
stantially flush against a major portion of the bone 
20 segments. The penetration of projections 26 within 
bone is beneficial in that it affords a more secure fit 
of the plate to the bone. Moreover, it is believed that 
the contact of projections 26 with the periosteum may 
provide sufficient antagonism to evoke a healing re- 
25 sponse, which may enhance the formation of the sol- 
id fusion mass. 

As illustrated in Figures 4 and 5, the plate 12 is 
curved along both its longitudinal and transverse 
axes such that the bone contacting surface 18 is con- 
30 cave. This configuration of the plate 12 is advanta- 
geous to enable the plate to conform to the shape of 
the vertebrae. In a preferred embodiment, the length 
of the plate 12 along the longitudinal axis preferably 
results from extending an are from a minimum of 
35 about 7° to a maximum of 25^ along an 8.0 inch ra- 
dius. The width of the plate along the transverse axis 
preferably results form extending an arc of approxi- 
mately 52° along a 0.75 inch radius. 

Plate 12 is intended to be positioned with its long- 
40 itudinal axis 31 colinear with the spinal midline, and 
to be mounted on the anterior surface of the vertebral 
bodies. Ideally, the longitudinal length of the plate will 
be sufficient to completely cover the anterior surface 
of the vertebral bodies from the top front edge of the 
45 most cephalad body to the lower front edge of the 
most caudal body. The length of the plate as well as 
the number of screw holes in the plate will, of course, 
vary depending upon the number of vertebral bodies 
to be fused. The plate illustrated in Figures 1 through 
50 3 is intended to span three vertebral bodies and in- 
cludes three pairs of adjacent, longitudinally spaced 
screw holes in which each member of the pair is dis- 
posed on one side of the longitudinal midline of the 
plate 12. Further, the plate preferably includes two 
55 screw holes 19A, 19B disposed on the longitudinal 
midline of the plate and on opposite sides of the trans- 
verse midline of the plate. Holes 19A, 198 are intend- 
ed for use in securing optional bone graft pieces 
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placed between adjacent vertebral bodies. 

While the plate 12, illustrated and described 
above, is adapted to span three vertebral bodies, 
plates may be designed to span anywhere from two 
to four vertebral bodies. The dimensions of plates in- 
tended to span a greater number of vertebral bodies 
as well as the number of screw holes to be placed in 
such plates will be readily understood by one having 
ordinary skill in the art. For example, a plate intended 
to secure two vertebral bodies can have a length of 
about 24 to 36 mm with four bone screw holes and 
one graft screw hole. Similarly, a plate intended to se- 
cure three vertebral bodies can have a length of 
about 38 to 54 mm with 6 bone screw hoes and two 
graft holes. 

FIGURE 8 illustrates a pair of osteosynthesis 
plates 100, affixed to the posterior surfaces of and 
fusing the C3, C4 and C5 cervical vertebrae. As illu- 
strated, the osteosynthesis plates 100 intended for 
mounting on the posterior surface of vertebral bodies 
are designed to be used in pairs, mounted on the lat- 
eral masses of the vertebrae on either side of the spi- 
nous process 101. The longitudinal axes of plates 1 00 
are substantially parallel to the spinal midline. Ideally 
the plates* longitudinal length will be sufficient to 
completely cover the surface of the lateral mass and 
facets, from the superior edge of the most cephalad 
body to the inferior edge of the most caudal body. 
Each plate 100 has a plurality of screw holes 102, 
each adapted to receive a bone screw 104, which is 
adapted to be affixed within the lateral mass of one 
vertebral body to be joined. The screw holes 102 pre- 
ferably are aligned along the longitudinal axis of the 
plate 100. 

The bone-contacting surface 1 06 of the posterior 
plate 100, as illustrated in FIGURES 9-11 , features a 
textured surface. The surface 106 has a plurality of 
parallel, spaced rows of short protrusions 108 which 
are triangular or tooth-like in shape. The tooth-like 
rows preferably begin on opposite ends of the long di- 
mension of the plate 100 and recur in spaced inter- 
vals toward the center of the plate. The protrusions 
108 are oriented with their cutting edges 109 facing 
toward the thickness (or Z) axis midline 111 of the 
plate 100. As illustrated in FIGURES 1 0A and 11. 
each protrusion 108 is shaped substantially as a right 
triangle having a base 110 corresponding to the 
bone-contacting surface 106 and a hypotenuse which 
extends upwardly toward the thickness axis midline 
111 of the plate 100. The short leg 114 has a height 
of approximately 0.5 mm and faces toward the thick- 
ness axis midline 111 of the plate 100. 

Protrusions 108 are designed to penetrate the 
cortical layer of the vertebral bodies upon a compres- 
sive force induced by the bone screws 104 when 
anchored to bone. When a plate 100 is installed, the 
embedded teeth provide a foothold to better enable 
the plate to resist migration during translation and ro- 
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tation. Moreover, the bone-contacting surface 106 
should lie substantially flush with the vertebral body 
when the plates 1 00 are installed and protrusions 1 08 
are embedded in bone. 

5 Screw holes 102, as illustrated in FIGURES 9 

and 10, are substantially circular in shape and prefer- 
ably are slots with hemicircular ends. Screw holes 
102 have spherical countersinks to prevent transla- 
tion of the bodies through plate slippage. The holes 

10 102, as noted above, are aligned in the longitudinal 
axis of the plate. Screw holes 102 may be of other 
shapes as well, including ovoid and elliptical. 

Referring to Figures 8 and 1 0A through 13B, the 
plate 100 has a lateral side 118 and a medial side 120. 

15 Each screw hole 102 preferably has a substantially 
wedge-shaped transverse cross section. The wedge 
shape of the screw holes 102 can be achieved by 
each hole 102 being formed in a wedge-like protru- 
sion 122 integrally formed on the dorsal (non-bone 

20 contacting) surface 124 of plate 100. For screw holes 
adapted to seat a bone screw to be anchored at the 
C3 to C7 vertebrae, the wedge-like protrusion 122 
has a raised portion 126 on the lateral side 1 1 8 of the 
plate which tapers to the medial side 120 of the plate. 

25 the screw holes 102 are formed angularly in the 
wedge-like protrusion 122 such that screws may be 
seated in the vertebral bodies at an optimal angle. 

The plates 100 illustrated in Figures 10A, 10B, 
and 12 are intended for mounting upon cervical ver- 

30 tebrae 3 through 7. The screw holes 102 formed in 
such plates preferably should have a cephalad angle 
of orientation of approximately 15°. Similariy, the 
wedge shaped protrusion 122 enables screw holes 
102 to be formed at a lateral angle of about 20°. Ac- 

35 cordingly, bone screws intended to be anchored in the 
C3 to C7 vertebrae will preferably enter the vertebral 
body projecting in the cephalad direction at an angle 
of about 1 5° relative to the thickness axis 142 of each 
hole. The screw also projects in the lateral direction 

40 at an angle of 20° relative to the thickness axis 142 
of each hole. 

Figures 13A, 13B and 14 illustrate a plate having 
one screw hole 116 specially adapted to seat a screw 
intended to be anchored in the C2 vertebra. Scr w 

45 holes 1 28, 1 30. and 1 32 are constructed as described 
above and are intended to seat screws to be anchored 
in the C3, C4 and C5 vertebrae, respectively. 

Due to the morphology of the C2 vertebra, a bone 
screw should be directed into this vertebral body at a 

50 medial and cephalad angle, rather than at a lateral 
and cephalad angle. Accordingly, the wedge-like pro- 
trusion 134 within which hole 116 can be formed hav- 
ing a raised medial side 136 and a raised cephalad 
side 138. The geometry of hole 116 enables a bone 

55 screw to project into the lateral mass of the C2 verte- 
bra in the cephalad direction at an angle of about 25° 
relative to the thickness axis 142 of each hole. The 
plate also projects in the medial direction at an angle 

5 
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Of about 10^ relative to the thickness axis 142 of each 
hole. 

Figures IDA, 12, 13Aand 14 illustrate the desired 
curved geometry of the bone contacting surface 106 
of the plate 1 00 that maximizes the ability of the plate 
to conform to the shape of the posterior surfaces of 
the cervical vertebrae. Preferably, the plate 100 is 
curved about its longitudinal axis such that the bone 
contacting surface is convex, and about its trans- 
verse axis such that bone contacting surface 106 is 
concave. In a preferred embodiment the longitudinal 
curve of plate 100 is along an arc of about a 165 mm 
radius. The plate preferably has a transverse curve 
along an arc of a 22 mm radius. One skilled in the art 
will readily appreciate that the curve of the plate in 
both the longitudinal and transverse axis may be 
modified to improve its conformity to the shape of the 
vertebrae bodies. 

FIGURES 15A and 15B illustrate an alternative 
embodiment of plate 100, having a thicker profile. 
The plate 100 illustrated in FIGURES ISAand B has 
a thickened, or raised lateral side 140, which replaces 
the individual wedge-iike protrusions surrounding 
each screw hole 102 as in FIGURES 8 through 14. 

Plate 100 illustrated herein has four screw holes 
and is adapted to fuse four vertebrae. Plates can be 
designed with a greater or lesser number of screw 
holes to fuse more or less vertebral bodies. Typically, 
plates can have between about two and five screw 
holes each for fusing from two and up to five verte- 
brae. 

One of ordinary skill in the art will appreciate that 
the plates 1 2, 1 00 of the invention can be made of a 
variety to high strength, biologically compatible ma- 
terials that preferably are compatible with MRI tech- 
niques. Useful materials include polymers, stainless 
steel, titanium and titanium alloys. A currently prefer- 
red material is a titanium-aluminum alloy having 90% 
titanium and 6% aluminum, and 4% vanadium. 

Various modifications may be made to the plate 
system of the invention without exceeding the intend- 
ed scope of the claims. For example, the bone pene- 
trating projections may assume a different geometry 
and may be oriented so as to be parallel with the long- 
itudinal axis of the plates. 



Claims 

1. An osteosynthesis plate system, comprising: 

a rigid, elongate plate member adapted to 
bridge and immobilize adjacent bones or bone 
segments by anchoring the plate to the bones us- 
ing one ormore bone screws, the member having 
a first, bone contacting surface and a second, 
non-bone contacting surface; 

a plurality of substantially circular screw 
holes extending through the member, each hav- 
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ing substantially spherical seats and being adapt- 
ed to seat bone screws; 

a plurality of bone-penetrating projections 
disposed on the first surface of the member; 

5 a plurality of bone screws, each having a 

threaded end opposite a substantially spherical 
head, each bone screw adapted to fit within a 
screw hole to anchor the member to bone; and 
locking means adjacent one or more screw 

10 holes and integral with the member for securing 

the bone screw to the member to inhibit axial and 
rotational movement of bone screws seated with- 
in the screw holes and engaging bone. 

15 2. The plate system of claim 1 wherein the member 
is adapted for placement on the anterior surfac s 
of vertebral bodies such that the member spans 
at least two adjacent vertebral bodies, the mem- 
ber extending from the top anterior edge of the 

20 most cephalad vertebral body to be fused to the 

lower anterior edge of the most caudal vertebral 
body to be fused. 

3. The plate system of claim 2 wherein the member 
25 is adapted to fuse from between two and five 

cervical vertebrae. 

4. The plate system of claim 1 wherein the first sur- 
face is curved in both the transverse and longi- 

30 tudinal axes to form a concave bone contacting 

surface. 

5. The plate system of claim 4 wherein the length of 
the plate along the longitudinal axis thereof re- 

35 suits from extending an arc of about 7° to 25° 

along an 8.0 inch radius. 

6. The plate system of claim 1 wherein the bone 
penetrating projections are formed of discontin- 

40 uous structures, each extending transvers to 

the longitudinal axis of the member. 

7. The plate system of claim 6 wherein each struc- 
ture has a substantially triangular cross section. 

45 

8. The plate system of claim 7 wherein a cutting 
edge of each structure faces toward the thick- 
ness axis midline of the member. 

50 9. The plate system of claim 1 wherein the locking 
means comprises a cam permanently mounted in 
the member adjacent one or more screw holes, 
the cam having a substantially ovoid shape and 
being rotatable to engage a surface of a screw 

55 head seated in a screw hole adjacent the cam 

such that axial and rotational movement of the 
screw is inhibited. 

6 



11 EP 0 599 640 A1 12 

10. The plate system of claim 1 wherein the locking 
means comprises 

a deflectable arm forming a portion of a 
screw hole seat, and 

a cam mounted in the member adjacent 5 
the deflectable arm, the cam having a substan- 
tially ovoid shape and being rotatable such that 
the cam engages the arm and exerts a deflecting 
force upon the arm which in turn applies a radial 
force to the screw head to inhibit rotational and io 
axial movement of the screw. 
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